Institutional reform of state-owned water utilities serving urban areas has often set out to turn them into effective and efficient organisations, so that they can become excellent service providers. However, the pursuit of such objectives, which are often based on commercial targets, woefully ignores efficient catchment management. In view of this, this study reviews the case of the Cross State Water Board (CRSWB) Ltd in Calabar, eastern Nigeria. It identifies the serial neglect of the local watershed as a factor responsible for its operational and maintenance costs. It therefore argues for the need to develop and integrate catchment or ecosystem indicators into overall performance indicators currently used in setting and monitoring performance by the water utility as well as other utilities elsewhere, their owners or regulators. Such socio-ecological considerations as manifest in a catchment, according to the paper, are vital in building appropriate resilience against hazard risks such as flooding, land erosion, land inundation and salt water intrusion which currently plague the CRSWB, hence offering a bold and sustainable road map towards service efficiency and effectiveness for the growing urban population under a variable climate.
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Introduction
The sustainability of utility water services in today's cities requires that they efficiently manage hazards, especially those associated with the living environment, climate change and an extensive range of other prevailing hazards that can impede efficient performance and service delivery of water. The importance of this is underpinned by the realisation that urban drinking water utilities such as the one in Calabar, Nigeria, generally provide piped water services, which commonly undergo extensive treatment to guarantee reasonable levels of safety. Based on this attribute, drinking water services provided by water utilities are regarded as improved. The concept of improved drinking water is defined as the water sources that by the nature of their construction are protected from outside contamination, particularly faecal matter (Unicef and WHO, 2012) . In addition to piped household connections, in this category are public standpipes, boreholes, protected dug wells, protected springs and rainwater collection. Moreover, piped water on the premises, which is currently solely provided by water services utilities, is rated as the optimal service level (Unicef and WHO, 2012) , since it provides the most convenient supply and has a positive impact on health and hygiene.
Water utilities must seek not only to meet their legislative requirements but also to maximise the availability, serviceability and life of their assets while minimising expenditure on energy, chemicals and processes (Hrudey et al., 2006) . While they are under pressure to perform better, especially under the persisting demand for efficient services by an expanding urban population, even with less money (Danilenko et al., 2010) and a lean institutional capacity, there is a need for the utilities to understand and efficiently manage prevailing climatic and associated risks. Such risks include those emanating from socio-economic pressures, the terrain and the utilities' internal environment that may endanger the safety of this service through the degradation of natural ecosystems, infrastructure decay or lack of adequate maintenance and operation. Excellence in managing high impact risks and guaranteeing safe and efficient services is essential, not only to the bottom line and reputation of the utilities, but also to the well-being and prosperity of the cities and people the utilities serve.
Globally 1?2 billion people (23% of the world's population) live within 100 km of the coast (Small and Nicholls, 2003) and 50% are likely to do so by 2030. In 2003 51 of the world's deltas had a combined population of 325 million (Syvitski, 2008) , out of a global population of 6?6 billion (Bates et al. 2008) and this is predicted to increase rapidly through the growth of megacities such as Shanghai, Guangzhou, Bangkok, Yangon, Kolkata, Dhaka, Lagos, Ho Chi Minh City and Hanoi (Woodroffe et al. 2006) . The water utilities that serve these coastal populations are exposed to hazards such as sea level rise, coastal erosion, flooding, salt intrusion and subsidence, as well as extreme high and low river discharges and changes in precipitation and evaporation. Adger et al. (2005) argued that an estimated 10 million people worldwide experience coastal flooding each year due to storm surges and landfall typhoons, and 50 million could be at risk by 2080 because of climate change and increasing population densities (Nicholls, 2004) . The Unicef and WHO (2012) report reveals that between 1990 and 2008, the urban population in sub-Saharan Africa more than doubled and that, while overall urban water supply coverage levels have stayed just above 80%, access to piped supplies decreased by 13 percentage points from 68% in 1990 to 55% in 2008. Nevertheless, over half the 126 million urban dwellers who did gain access to it did so through using piped supplies on the premises (42 million) and public taps (23 million).
Consequently, increasing the resilience of drinking water sources, particularly those tapped by water utilities in an environmental hotspot such as Calabar municipality, a part of the Niger River delta in eastern Nigeria, demands reducing their vulnerability to various risks, particularly those emanating from its catchments. In addition, for Calabar and other water supply utilities in the Niger Delta, a myriad of high impact risks such as the delta's low topography and an environmental setting that is susceptible to hazards, as well as the socio-economic risks of a rapidly sprawling urban population, urbanisation and the presence of large oil industries that often compromise and constrain water quality, makes risk management of water services critical. For example, urbanisation results in a range of socio-economic changes in addition to the movement of people to cities, as an increase in the urban population increases the demand for drinking and industrial water in urban centres (Molden, 2007) as well as the degradation of catchments. Most significant here is the burgeoning of unplanned residential and industrial areas in the sprawling urban centres of the Calabar catchment, which causes further stress. Bates et al. (2008) suggest that both the quantity and quality of water resources are influenced by changes in land use, the construction and management of reservoirs, pollutant emissions and water or waste water treatment, and that water use is driven by changes in population, food consumption, the economy (including water pricing), technology, lifestyle and social views of water. A combination of these anthropogenic influences and extreme events coupled with climate change (including severe incidents of destructive floods, pollution and land erosion), is currently generating vulnerability and hazards in the Calabar catchment of the Niger Delta. This paper accordingly reports a study of these risks and the resulting consequence on utility operational costs and the utility's inability to meet their performance targets.
Background

The Calabar catchment
The city of Calabar is the capital of the Cross River State, Nigeria. It is a coastal city that lies on a peninsula formed by various creeks and rivers, especially the Calabar River, the Great Kwa River, the Cross River estuary and the Atlantic Ocean. However, the Calabar River system and the Great Kwa River system are the two major drainage systems in Calabar. The coastal plain sands (also known as Benin formation) of the Niger Delta are dominant in most parts of Calabar, although they are covered by thick overburden near the coast of the Atlantic Ocean. Calabar has been classified as having a subequatorial type of climate (Offiong et al., 2009) . The maritime position of Calabar exercises a considerable ameliorating influence on its climate. The mean temperature is about 25˚C with a range of about 8˚C. The annual rainfall exceeds 3000 mm, most of which falls in the wet season from May to October. The relative humidity is high throughout the year, giving a mean annual figure of about 84%. The vegetation of the area is mainly that of mangrove swamp, raffia swamp, cultivated vegetable gardens, numerous isolated stands of cultivated, semi-wild oil palm and coconut palm trees (Udo (1975) as quoted by Offiong et al. (2009)) . Increases in population and urban expansion have altered land use and land cover, resulting in the rapid conversion of vegetated pervious cover to paved and impervious cover. This state of affairs has been brought about by large-scale agricultural, industrial and residential activities.
The Cross River State Water Board Ltd
The Cross River State Water Board Ltd (CRSWB) was incorporated in 1998 (Akpama, 2007; CRSWB, 2010 (CRSWB, 2007) . The major policy objectives for utility reform at the CRSWB are improved water quality and quantity, reliability of water supply, an aggressive revenue drive and the continuous expansion of the water supply to meet increasing demand (CRSWB, 2007) . These policy objectives also summarise the performance targets of the utility (especially the private sector partner). The role and functions of the private sector partner, ONL, were spelt out as follows by the CRSWB (2007) .
& Undertake the PPP management contract for an initial period of 3 years and prepare the CRSWB for an eventual transition to a full concession. & Provide specialist personnel to manage the operations of CRSWB such as production transmission, distribution, billing, revenue collection and commercial operations. & Provide reliable customer service and water coverage with the optimal use of resources. & Take all steps necessary to achieve the agreed performance objectives by maximising water production and revenue generation. & Provide training and development opportunities for selected CRSWB staff. & Propose and recommend improvements and changes to the operational policies and procedures of CRSWB. & Propose and recommend adjustments to tariff schedules and other charges for water services.
CRSWB (2007) shows that the partnership contract was signed by ONL on the basis of two points of agreement, one of which was the provision of 5000 house connections by a separate contractor under the African Development Bank procurement procedures (called Lot 5). These connections were to be completed by the first year of the PPP operations but for various reasons work did not proceed as scheduled. Records showed that at the end of the Lot 5 contract there had been many delays, quality deficiencies and unsold connections. However, even though CRSWB is required to operate commercially by relying on revenues to fund its services, due to its insufficient customer connections (Akpama, 2007) and huge operational costs the utility is still dependent on state subsidies to keep running. According to CRSWB (2007) these subsidies are meant to cover its operations and maintenance costs as well as its capital costs.
The research
Common hazards impeding performance targets
In light of the shared roles between the private and the public sector partners, the research set out to ascertain how the roles and their inherent targets interrelate with risk management in the face of prevailing vulnerabilities in the surrounding catchment. The Delphi technique (Clayton, 1997) was adopted using an open-ended questionnaire administered to 27 utility experts, mostly engineers, scientists, technicians and management staff, to facilitate the generation of a wide array of response categories to the question: what natural hazards confront utility water supply services? The responses indicate that CRSWB is currently having difficulties with natural hazards associated with a changing climate. The issues that were identified (in order of decreasing severity) include iron contamination, land inundation, flooding, increasing operation and maintenance costs (especially costs for critical water production inputs such as chemical and laboratory reagents and fuel) and coastal erosion. The next most severe were the unstable annual rainfall, increasing rainfall intensity, salt water intrusion, changes in the watershed vegetation and ecology, and decreasing quality of surface water. The least severe were earlier water flows, land erosion, inaccurate climate models and planning difficulties, decreasing groundwater/aquifer recharge, sea level rise, land subsidence, damage to water supply facilities and landslides, and the submersion of water supply facilities.
The responses to the question 'What are the impacts of natural hazards on utility operations?' by these experts at the CRSWB yielded a set of responses unique to the utility and its catchment. The responses on the extent of the impact were categorised using the Likert scale that ranged from 1?00-5?00, with 1?00-1?49 indicating no impact; 1?50-2?49 indicating negligible impact; 2?50-3?49 indicating moderate impact; 3?50-4?49 indicating a major impact and 4?50-5?00 indicating an excessive impact, as shown in Table 1 . CRSWB, while decreasing groundwater/aquifer recharge, land subsidence, customer dissatisfaction and more concentrated water flow all had a negligible impact. The impact of these hazards was analysed on the basis of cost, quality and time. This approach is in agreement with Zhou and Chen (2003) who state that the typical evaluation criteria of business process performance are cost, time and output quality, requiring that every business-process-related risk analysis should address these three elements. For a water services utility these three elements are vital in analysing the inherent risks.
3?2 Vulnerability
In the context of urban water utility services, vulnerability could be defined as a utility's inability to withstand persisting adverse stressors and shocks. A utility's vulnerability in this context means the risk of having its services constrained as a result of a degraded catchment or a malfunctioning infrastructure as well as by excessive operational costs. Given that utilities often lack the financial capacity to invest in substantial infrastructure replacement programmes, they may continue to operate fully depreciated assets for 20-50 years after the point when a replacement should have occurred (Danilenko et al., 2010) . When conditions of vulnerability are effectively addressed, potential risks are eliminated and the capacity to operate and function optimally increases. A degraded catchment is vulnerable to potential disaster, which impacts the utility's operations when extreme biophysical events, such as high intensity rainfall, occur. To determine CRSWB vulnerability in the context of climate variability the sample mean scores of the experts' responses were recorded against the questions, as shown in Table 2 .
The mean scores here are indicative of the extent of vulnerability based on the variables used. These variables are not exhaustive but have largely been designed to cover as many attributes as possible within and outside the utility while being capable of influencing its plans for managing hazards. Higher 
Use of critical inputs to improve water quality
According to the CRSWB (2009) the estimated daily water production up till 2012 was about 14 357 m 3 /day and water lost in the treatment process is consistent at an average of 1?5%. Since the PPP began in 2004, not many incidents of stoppage have been reported; however, between the period January 2006 and December 2011 water production was interrupted on about 23 separate days and on half these days there was no production from the Ediba Qua plant. This led to shortages in Calabar municipality as supplies were not delivered to the customers of the utility. The cause of this lost production was either delays in the supply of critical inputs or damage to the raw water main by various contractors (building and road construction). CRSWB (2007) defines critical inputs in water production as items used on the line to produce and pump water, without which it would be impossible to produce water. These items were listed as chemicals (alum, lime and chlorine), diesel fuel and lubricants, electric power from either the public supply or diesel-powered generators, and other essential equipment associated with maintenance and spare parts.
The World Bank credit also included an allocation for the procurement of critical inputs and this has been in place since the credit became effective (CRSWB, 2007) . Since then, the critical inputs have been procured by the CRSWB's project implementation unit, but only upon requisitions made by the CRSWB operations division under the management of ONL. This arrangement is generally criticised as being cumbersome because it delays their supply from time to time. As a result, on a number of occasions it has been necessary to stop water production because of the shortages of one of the critical inputs (CRSWB, 2007) . A further constraint on production includes occasional delays in procuring diesel where inadequate stocks are maintained. There are also some reported cases of robbery of these items, although stringent store control measures are in place in the operations division.
It was noted that calcium hypochlorite and sodium hypochlorite (otherwise known as liquid chlorine) are used interchangeably in the production process (CRSWB, 2007) . Although sodium hypochlorite is the preferred agent, there have been reports of occasional national shortages and delays in procurement (they are currently not locally produced), hence allowing the utility the option of switching over to and using calcium hypochlorite in order to guard against production stoppages or even pumping untreated water (CRSWB, 2007) . The use of these production chemicals is efficiently managed, and records show that dosage rates are always reviewed on a daily basis to meet Nigeria's water quality standards. Moreover, ONL often independently conducts a series of water quality tests to verify the dosing rates (CRSWB, 2007) . The results from some of these tests have led to the review of the dosage rates as well as the updating of the water laboratory's organisation and procedures accordingly (CRSWB, 2007) .
Discussion
In the context of this study, a hazard is defined as the expressions of the earth's physical processes (Unep and UNISDR, 2007) and vulnerability is defined as the state of susceptibility to harm from exposure to stresses associated with environmental and social change and from the absence of capacity to adapt (Adger, 2006) . In accordance with these definitions, it can be argued that a disaster such as a flood is not a random occurrence and does not occur by accident. Instead, it is the result of the convergence of hazards and vulnerable conditions (See Unep and UNISDR, 2007) . Thus, in a risk-sensitive utility, awareness of the catchment is crucial.
A forested catchment often reduces storm run-off, stabilises stream banks, shades surface water, cycles nutrients and filters pollutants (Furniss et al., 2010) , but when it is degraded or deforested it loses these functions. For the CRSWB, data obtained from the respondents indicates a degraded catchment, with details in Table 3 showing the rising financial implications in percentage terms over a period of 7 years (2005) (2006) (2007) (2008) (2009) (2010) (2011) .
Reacting to its degraded catchment, CRSWB has built a new water treatment plant. In contrast, the water utility serving New York City, for example, satisfies the needs of more than 10 million people by tapping water from the Catskill and Delaware catchments, which are 90 % forested (Furniss et al., 2010) . To date, this has enabled the city to avoid substantial water treatment costs (Germain et al., 2007) .
The contrast is significant, considering that River Okoi, where the CRSWB taps its raw water, originates within the tropical rainforest that transcends Nigerian borders via the Cross River State into the Republic of Cameroon. However, between 2000 and 2005 Nigeria ranked first amongst the ten worst countries for deforestation rates globally, losing over 55?7% of its primary forest in just 5 years (FAO, 2005) . Logging, subsistence agriculture and the collection of fuel wood are cited as leading causes of forest clearing in Nigeria. A study by the Trust for Public Lands and the American Water Works Association shows that a 10 % decrease in forest cover in a catchment can increase water treatment and chemical costs by as much as 20 % (Ernst, 2004) . This captures the threat posed to water quality by a catchment dominated by agriculture, industries and housing.
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Coupling utility performance targets with catchment management Ezeji, Smout and Bosher Aquifers in Calabar are not even faring better, with household refuse and small-scale enterprises such as workshops, markets, petrol stations and hospitals dominant in their catchment, constituting potential sources of pollution (Edet, 2004) . Despite this, no ongoing collaboration exists among important stakeholders in the local catchment to address the situation. Yet these catchments and their wetlands are supposed to serve as a buffer zone to the local rivers. When the buffering functions of a catchment are lost, flooding is often the consequence. For a river delta the effect of this change is dramatic. The resulting changes in vegetation cover and soil characteristics can increase flooding and mass wasting, causing severe impacts on downstream infrastructure and aquatic ecosystems (Istanbulluoglu et al., 2004; Miller et al., 2003) . From the questionnaire, the high mean score of 4?38 indicates the respondents' strong agreement that persistent changes in land use in their catchment is a problem. Here, forests that once provided high quality run-off in the catchment have largely become developed parcels that adversely influence the run-off pattern and water quality. Moreover, in Calabar flooding induces turbidity and often acts in tandem with land erosion. Turbidity indicates the presence of suspended clay, silt, finely divided organic matter, algae and other microorganisms in the water; hence contaminants easily find their way into surface water sources as constituents of turbidity. Also, high turbidity interferes with chlorination and makes the water unsuitable for human consumption (Dearmont et al., 1998) . The rising cost of critical inputs operates in tandem with the rising degradation of water quality and this affects the overall production time.
The focus here is the poor quality of water from the catchment and the resulting requirement for high expenditure on power and chemicals in water treatment processes to remove and destroy bacteria and other pathogens. As a surface-waterdependent utility, CRSWB needs to overcome high levels of microbial pollution commonly associated with sources such as rivers, streams, lakes and ponds.
The cost of hazards in a typical catchment includes financial as well as social and ecological costs. The issue of cost is strategic because costs traditionally influence most internal corporate decisions, whether they relate to financial, social or environmental performance (Adams et al., 2007) . Therefore, quality analyses need to be supported with relevant cost implications at source (primary) as well as the intermediate and downstream stages. This supports Hamilton et al. (2006) who note that managing risks to water safety requires more than the identification of hazards and their control points, as the process requires an integrated and complete view of the vulnerabilities to the system from catchment to tap. However, the axiom 'prevention is better than cure' has prominence here.
The socio-ecological costs of climate change or extreme events for a water utility, if poorly managed, are capable of putting it out of business or significantly raising the cost of water. A typical catchment has the potential to impose or burden the utility with all the four central risks that comprise enterprise risk management -hazard, finance, operational and strategic. According to the Casualty Actuarial Society, as quoted by D'Arcy (2001), enterprise risk management is 'the process by which organizations in all industries assess, control, exploit, finance and monitor risks from all sources for the purpose of increasing the organisation's short and long term value to its stakeholders'. The need to attend to these risks is crucial because of their concurrent or ripple nature. A hazard has the tendency to act in combination or generate or move in tandem on a particular point at different scales. As noted in the study area, utility risks could be argued to stretch beyond the water safety plan, as they involve the breakdown of utility facilities, the shrinking of utility profit, the imposition of a regime of However, substantial cost can possibly be saved by the prevention of upstream hazards. Degradation of water catchments undermines investments already made in water resources, as loss of vegetation, erosion and sedimentation are major threats to surface water resources because they cause lower base flows and higher flood peaks (Foster and BricenoGarmendia, 2010) . In terms of water treatment, a potential problem is posed by flooding or river spate conditions that may have a domino effect in reducing the effectiveness of treatment barriers in succession, and rapidly deteriorating raw water quality presents complications for operators trying to maintain optimal coagulant dosing, which in turn can lead to suboptimal filter performance and increased demand for chlorine (Hamilton et al., 2006) .
Utilities have a choice to be either proactive (and reap the accompanying gains) or reactive (and suffer the accompanying losses). This underscores the centrality of strategic catchment management in setting performance targets. However, for CRSWB it was noted that, while land erosion, flooding and changes in catchment vegetation advance, the corresponding finance to mitigate them recede. CRSWB has no budgetary allocation for its catchment management. This is in the face of rising operational costs associated with operators' overtime as a result of high turbidity as well as energy and chemical use. Exacerbating these rising water treatment costs are associated costs of energy, manpower and other non-chemical costs. This is consistent with research in the USA by Dearmont et al. (1998) Also, it is argued that time is at the heart of the effectiveness in water services by the utilities. Impacts linked to time could be said to be a high risk as they often move in tandem with cost. A clear evidence of the high risk impacts on time is the prevailing intermittence of supply in Calabar and elsewhere in Nigeria, which is largely responsible for the scorn in which the public holds public utilities. CRSWB Ltd, as at the time of this study in late 2011, does not supply water on a 24/7 time basis. Factors identified as being responsible consist of limited revenue or financial resources to keep on top of critical inputs such as chemicals and the non-availability of electricity or energy with which to maintain and operate services at optimal levels. Moreover, the overwhelming penchant and drive for the attainment of commercial goals often act against sustainability. This is largely because sustainable approaches seek to change the contemporary global emphasis on economic capital at the expense of the world's natural and social capital (Adams et al., 2007) . According to the United Nations Conference on Trade and Development (Unctad, 1996) as quoted by Adams et al., (2007) , the world's natural and social capital is often considered free and therefore ignored in terms of economic value and the gain or loss of natural and social capital.
Current developments in the water sector, especially actions to offset or adapt to the hazards of climate change, for example, may need to overcome the weakness inherent in these approaches, and the related tunnel vision by adopting a coupled socio-ecological approach (Berkes and Folke, 1998) Therefore, a threshold needs to be set for all the major indicators used in assessing or evaluating a utility. The effective monitoring of such thresholds offers an enhanced chance of limiting the negative impacts of natural hazards. Resilience is the capacity of a utility to withstand and/or absorb interruptions and still function as if nothing severe has happened. A resilient water services utility is one that is able to maintain its character and values over an appropriate time span in terms of corporate objectives, vision and mission. Therefore, the enhanced performance of public water utilities is dependent not merely on utility reform in whatever form, be it commercialisation or privatisation, but also on environmental accountability targets that could be underpinned by indicators similar to those already in use in the sector, for instance, indicators used in assessing performance such as working ratio, percentage of service coverage or nonrevenue water. Therefore, this study in furtherance of the desired paradigm shift proposes & catchment indicators such as land use and protection, source water quality and flow variation/extremes & water use indicators such as abstraction rate, billing data and supplied water quantity.
Conclusion
A water utility's financial commitment to quality control (inhouse water treatment processes) is likely to be a great burden if no serious commitment is extended to quality assurance (as represented by a well-managed and monitored watershed or catchment). Effective quality assurance via enhanced catchment management is likely to reduce the burden of complexity, unaffordability, unreliability and lack of skills that goes with the demands of water treatment as a result of a range of hazards. Maintaining and improving the watershed to safeguard water quality is cost-dependent although it saves cost in the long term. Attempts to achieve water quality need to start from the watershed, or the consequence of neglect could be huge due to increased daily expenditures on chemicals. Appropriate investment in watershed monitoring could possibly leverage risk assessments in a watershed. Such assessments, using for example meteorological monitoring as well as stakeholder interviews and feedbacks, could become important components in decision-making, especially on ways to mitigate and eliminate the occurrence of hazards. For example, an investment in monitoring source water quality through rigorous daily quality tests or water levels using monitoring wells could be cost-effective in the long term. A forested and well-managed watershed could help reduce and mitigate incidents of flood, while reduced pressures on groundwater supplies could check pollution from salinity. Both roles need to be facilitated by the utilities and their regulators. Watershed management may be multi-institutional but utilities could have a facilitating role to play if they are to access good quality raw water and the attendant benefits, chief of which is a reduced treatment cost. It is hoped that by adopting this approach, water utilities in Nigeria (and ideally further afield) may become not only more efficient but also more sustainable service providers.
